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PURPOSE: To produce composite powder for thermal 
spraying capable of forming sprayed film excellent in 
thermal impact resistance, wear resistance and adhesion 
by coating the surface of Ti powder with an Ni layer. 
CONSTITUTION: The surface of Ti powder 2 is coated 
with an Ni layer 3 to obtain composite powder 1 for 
thermal spraying. At this time, the average grain size of 
the composite powder 1 for thermal spraying is 
preferably regulated to 10 to 150um, particularly to about 
40 to 70nm. Moreover, the thickness of the coated Ni 
layer 3 is preferably regulated to >5um and the ratio of 
the grain size of the Ti powder: the thickness of the Ni 
layer to <10:1. This composite powder can be obtd. by 
subjecting the Ti powder having about 20 to 100um 

average grain size and the Ni powder having about 0.1 to 10(im average grain size to 
mechanical plating. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The end for thermal spraying of composite powder it is characterized by coming to cover the 
front face of Ti powder with nickel layer. 

[Claim 2] The end for thermal spraying of composite powder which it comes to cover the front face of 
Ti powder with nickel layer, and is characterized by mean particle diameter being 10-150 micrometers. 
[Claim 3] The thickness of nickel layer which covers the front face of unalloyed ti powder is in the end 
for thermal spraying of composite powder it is characterized by being 5 micrometers or more and being 
less than [ Ti powder particle-size:nickel thickness =10 ]:1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is related in the end of the composite powder for thermal 
spraying for forming the sprayed coating excellent in thermal shock resistance, abrasion resistance, and 
adhesion in the face side of the engine valve for inhalation of air especially about the composite powder 
end for thermal spraying for forming a sprayed coating in the front face of the equipment component 
which receives impact friction at the same time rapid heating quenching is carried out. 
[0002] 

[Description of the Prior Art] Generally, since the intermetallic compound is excellent in high 
temperature strength and elevated-temperature corrosion resistance, it forms an intermetallic-compound 
coat in the inside or front face of various equipments exposed to a severe ambient atmosphere by 
approaches, such as thermal spraying, and is aiming at improvement in the use life of various 
equipments. 

[0003] For example, in JP,4-21756,A, 20 - 63% of the weight of aluminum powder is contained, and the 

approach of forming a TiAl system intermetallic-compound coat is proposed by carrying out thermal 

spraying of the mixed powder with which the remainder consists of Ti powder. 

[0004] Therefore, when it is going to form a NiTi system intermetallic-compound coat, what is 

necessary's being just to carry out thermal spraying of the mixed powder which consists of Ti powder 

and nickel powder which blended with the predetermined rate and were mixed is happening to think 

simply. 

[0005] however, like the mixed powder which consists of Ti (specific gravity: 4.5) powder and 
aluminum (specific gravity: 2.7) powder It is rare to change the mixed ratio by the specific gravity 
difference during mixed powder conveyance, even if it supplies the mixed powder which consists of 
comparatively little metal powder of a specific gravity difference to a thermal-spraying nozzle and forms 
a sprayed coating. Like [ although there is little obtained concentration change of Ti and aluminum of a 
sprayed coating ] the mixed powder which consists of nickel (specific gravity: 8.9) powder and Ti 
(specific gravity: 4.5) powder If the mixed powder which consists of big metal powder of a specific 
gravity difference is supplied to a thermal-spraying nozzle, while resulting [ from a hopper ] in a 
thermal-spraying nozzle, according to a specific gravity difference, a mixed ratio will change and the 
NiTi system intermetallic-compound coat of a uniform component presentation will not be obtained. 
Therefore, in order to form the intermetallic-compound coat which consists of a large metal of a specific 
gravity difference like nickel and Ti by thermal spraying, the NiTi system intermetallic-compound 
powder which atomized the molten metal beforehand ingoted by the predetermined component 
presentation, and was obtained is used as thermal-spraying powder, and forming a NiTi system 
intermetallic-compound sprayed coating is also considered. 
[0006] 

[Problem(s) to be Solved by the Invention] However, although a NiTi system intermetallic compound is 
excellent in elevated-temperature corrosion resistance and it has the high degree of hardness From the 
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place which is inferior in the joining nature between NiTi system intermetallic-compound powder, and 
the joining nature to a base material front face The sprayed coating obtained by carrying out thermal 
spraying of the NiTi system intermetallic-compound powder atomized and obtained tends to exfoliate 
from a base material. While receiving the thermal shock of rapid heating quenching like the face side of 
the engine valve for inhalation of air especially, there was a technical problem of a crack arising and 
exfoliating in the sprayed coating formed in the part which repeats a collision and friction. 
[0007] 

[Means for Solving the Problem] Then, the thermal shock resistance which does not exfoliate even if it 
carries out thermal spraying to the part which receives impact friction at the same time this invention 
person etc. receives the thermal shock of rapid heating quenching like the face side of the engine valve 
for inhalation of air, If plasma-arc thermal spraying of the end of composite powder it comes to cover 
the front face of Ti powder with nickel layer is carried out as a result of inquiring that the sprayed 
coating excellent in abrasion resistance and adhesion should be formed While passing through the inside 
of a plasma arc the end of composite powder, a NiTi intermetallic compound generates on the boundary 
of unalloyed ti powder and a pure nickel coat. The sprayed coating formed in the base material front 
face has the organization where Ti particle covered with the NiTi intermetallic-compound layer in nickel 
base carried out homogeneity distribution. The research result of not exfoliating even if it excels in 
adhesion and receives a thermal shock and impact friction, since this sprayed coating is using nickel as 
the junction metal was obtained. 

[0008] This invention is made based on this research result, and has the description in the end for 
thermal spraying which comes to cover the front face of Ti powder with nickel layer of composite 
powder. 

[0009] A mean-particle-diameter:20-100micrometer Ti powder and mean-parti cle-diameter: 0.1- 
lOmicrometer nickel powder are mixed to homogeneity with a mixer the composite powder end for 
thermal spraying of this invention. The obtained mixed powder is inserted in a container, and nickel 
powder is made to stick to the front face of Ti powder by pressure by making mixed powder agitate with 
a rabble, and it manufactures by forming nickel layer (the approach of forming nickel layer by this 
approach is hereafter called mechanical plaiting). The end of composite powder it was obtained by 
mechanical plaiting is sifted, the composite powder end of a 10-150-micrometer diameter is classified 
and taken out, and it considers as the composite powder end for thermal spraying of this invention. 
Having set particle size after [ for thermal spraying / composite powder ] this invention to 10-150 
micrometers In the particle size of less than 10 micrometers, Ti powder and nickel layer fuse completely 
in the plasma. Since it becomes impossible to maintain the complex tissue of Ti and nickel, preferably 
on the other hand While passing through the short interior of the plasma which the heat capacity in the 
end for thermal spraying of composite powder was too large, and generated at the tip of a thermal 
spraying gun when 150 micrometers was exceeded, nickel layer does not fully fuse. Therefore, since the 
formed sprayed coating does not stick to a substrate, but becomes still more inadequate [ generation of a 
NiTi intermetallic compound ] and sufficient abrasion resistance is not obtained, it is because it is not 
desirable. A much more desirable particle size after [ for thermal spraying / composite powder ] this 
invention is 40-70 micrometers. 

[0010] nickel layer in the end for thermal spraying of composite powder which consists of Ti powder 
and nickel layer of this invention is 5 micrometers or more, and is less than [ thickness =10 ]: 1 (much 
more preferably 5:1) of the particle-size:nickel layer of Ti powder, the thickness of nickel layer - less 
than 5 micrometers - and particle-size [ of Ti powder ]: - thickness =10**: of nickel layer — since the 
amount [ in / that it is 1 / a sprayed coating ] of nickel is insufficient and the adhesion over a base 
material runs short, it is not desirable. 

[001 1] Therefore, as for the thickness of nickel layer in the composite powder end for thermal spraying 
of this invention, it is desirable to manufacture by the describing [ above ] mechanical plaiting method 
from the place which needs to be covered in large quantities thickly, and it becomes [ production time ] 
long by the other approaches and is not more efficient than nickel layer formed by approaches, such as 
the usual plating. 
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[0012] The configuration and operation in the end for thermal spraying of composite powder of this 
invention are explained based on a drawing. 

[0013] Drawing 1 is a sectional view after [ for thermal spraying / composite powder ] this invention, 
and drawing 2 is a cross-section explanatory view in the condition of having supplied the composite 
powder end for thermal spraying of this invention into the plasma, and having formed the sprayed 
coating in the base material front face. 

[0014] 1 has the structure which covered the front face of the Ti powder 2 with the nickel layer 3 in the 
end of composite powder for this invention thermal spraying it is shown in drawing 1 . If 1 is supplied 
into the plasma 6 in this end of composite powder for this invention thermal spraying as shown in 
drawing 2 , the end for thermal spraying of composite powder the NiTi intermetallic-compound layer 4 
was formed in the boundary of the Ti powder 2 and the nickel layer 3, and this NiTi intermetallic- 
compound layer 4 was formed will collide with a base material 5, and a sprayed coating 7 will be 
formed, although it will be easy to oxidize if Ti powder exists independently in the atmospheric-air 
plasma — the object for this invention thermal spraying - since it is covered with the nickel layer 3 like 
end of composite powder 1, Ti powder does not oxidize in a plasma metal spray 
[0015] Thus, since the obtained sprayed coating 7 has the organization where the composite particle 
which covered Ti particle 2a with NiTi intermetallic-compound layer 4a with high hardness carried out 
homogeneity distribution, it does not exfoliate even if the above-mentioned sprayed coating 7 receives a 
thermal shock and impact friction from a place excellent in adhesion [ as opposed to a substrate in nickel 
base ], and it moreover contains NiTi intermetallic-compound layer 4a in nickel base excellent in 
ductility, it is excellent also in abrasion resistance. 
[0016] 

[Example] The unalloyed ti powder and pure nickel powder which have the mean particle diameter 
shown in Table 1 were prepared, these powder was blended so that it might become the rate shown in 
Table 1, the mixer was loaded with the obtained combination powder with the diameter:6mm stainless 
steel ball, after carrying out churning mixing, it took out from the mixer with the stainless steel ball, and 
mixed powder was produced. 

[0017] It agitated so that the well-closed container made from stainless steel might be further loaded 
with the obtained mixed powder, it might be ground and might be crushed, and nickel layer was covered 
on Ti powder front face, and 1-10 were produced in the end (henceforth the end of this invention 
composite powder) of composite powder for this invention thermal spraying it has the mean particle 
diameter and nickel thickness of Ti which classify the end of composite powder it was obtained, and are 
shown in Table 1. 

[0018] The engine valve made from Ti alloy which consists of Ti-6%aluminum-4%V was prepared, 1- 
10 were used for the face side of this engine valve made from Ti alloy in the above-mentioned end of 
this invention composite powder, the atmospheric-air plasma metal spray was performed on condition 
that the following, and the thickness: lOOmicrometer sprayed coating was formed. 
[0019] atmospheric-air plasma metal spray condition plasma gas: — Ar gas and plasma gas flow 
rate: l.lxl 0-3 m3 - /sec, current:400A, electrical-potential-difference:80V, spray rate:0.5gr/sec, carrier 
gas flow rate:5.7xl0-5m3/sec, spray distance: 100mm, and face side passing speed :500mm/sec. 
[0020] The front face of the sprayed coating formed in the end of this invention composite powder using 
1 is polished, and the sketching Fig, of an organization observed with the metaloscope is shown in 
drawing 3 . It turns out that the sprayed coating formed in the end of this invention composite powder 
using 1 has the organization which Ti particle 2a covered with NiTi intermetallic-compound layer 4a in 
nickel base 3a distributed to homogeneity so that clearly also from the sketching Fig. of drawing 3 . 
[0021] The engine valve made from Ti alloy which has the sprayed coating obtained by carrying out 
thermal spraying of 1-10 in the end of this invention composite powder was incorporated as a bulb for 
inhalation of air of a 2000 cc gasoline engine, and the engine was operated on the conditions of number 
of rotations:7500r.p.m. operation-time: 100 hours, the ratio of the sprayed coating which the sprayed 
coating of the face side of the engine valve made from Ti alloy received the thermal shock by the repeat 
of 25 degrees C and 950-degree C cooling heating at this time, and the sprayed coating of a face side has 
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received a valve seat and impact friction further, took out the engine valve after operation termination of 
100 hours, and was formed in the engine valve face side - abrasion loss and the existence of exfoliation 
were observed and that result was shown in Table 1. 

[0022] the former furthermore ingoted, atomized and obtained for the comparison so that nickel :Ti= 1 : 1 
might become comparatively — atomization powder - conditions same as the above — the face side of 
the above-mentioned engine valve made from Ti alloy - thermal spraying - carrying out - the same - 
carrying out - as the bulb for inhalation of air of a 2000 cc gasoline engine - incorporating - the ratio 
of the sprayed coating of after operation termination of 100 hours, and a face side - abrasion loss and 
the existence of exfoliation were observed and the result was shown in Table 1. 
[0023] 
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[Effect of the Invention] exfoliating, even if the sprayed coating obtained from the result shown in Table 
1 by carrying out thermal spraying of 1-10 in the end of this invention composite powder receives the 
thermal shock of long duration, and impact friction — there is nothing — a ratio - a place with little 
abrasion loss shows excelling also in abrasion resistance. 

[0025] As mentioned above, the sprayed coating excellent in thermal shock resistance, abrasion 
resistance, and adhesion can be formed the composite powder end for thermal spraying of this invention, 
and the effectiveness which was excellent on industry is brought about. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view after [ for thermal spraying / composite powder ] this invention. 
[Drawing 2] It is the cross-section explanatory view showing the behavior of the composite powder end 
when carrying out the plasma metal spray of the composite powder end for thermal spraying of this 
invention. 

[Drawing 3] It is the organization sketching Fig. of the sprayed coating formed using the composite 
powder end for thermal spraying of this invention. 
[Description of Notations] 

1 The End for this Invention Thermal Spraying of Composite Powder 

2 Ti Powder 

3 Nickel Layer 

4 NiTi Intermetallic-Compound Layer 

5 Base Material 

6 Plasma 

7 Sprayed Coating 
2a Ti particle 

4a NiTi intermetallic-compound layer 



[Translation done.] 
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